INTRODUCTION
The European honey bee, Apis mellifera L., is one of the most important pollinators in agriculture (Gallai et al., 2009) . Elevated losses of managed honey bee colonies were recently reported from the USA (vanEngelsdorp et al., 2012) and most countries of Europe (Potts et al., 2010 , van der Zee et al., 2014 . Several reasons for the declining bee colony numbers are discussed including the use of insecticides, intensification of land use (Nicholls and Altieri, 2013) , bee parasites (Genersch, 2010) and a decreasing number of beekeepers in some regions (Semkiw and Skubida, 2010) . In Europe, the ectoparasitic mite Varroa destructor was identified as the most important threat to apiculture . The mite consumes hemolymphic fluid and was identified as a vector of ABPV, KBV, IAPV,
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DWV, VDV-1, SBPV, and VdMLV (de Miranda et al., 2013) . Symptoms caused by DWV/VDV-1 infections include the deformation of the wings (Möckel et al., 2011) , reduced life span of winter bees (Dainat et al., 2012) , modified homing ability of forager bees (Li et al., 2013) and possibly a decreased fecundity of queens at high virus levels (Gauthier et al., 2011) . For accurate virus diagnosis, molecular biology techniques are needed because asymptomatic bees are often infected as well (Chen et al., 2006; De Smet et al., 2012; Locke et al., 2012) . National surveys have found significant interactions between colony losses, mites, and associated viruses. In a German monitoring program, winter mortality was found to increase with varroa mite levels, which were linked with infections of DWV and ABPV . In a French study, DWV, SBV, and ABPV were detected in mites and bees (Tentcheva et al., 2004) . Danish studies described a decreased level of mites after varroa treatment, but measured an increased level of DWV titres over the season (Francis et al., 2013) . De Smet et al. (2012) found that multiple infections with ABPV, BQCV, CBPV, DWV, SBV, and SBPV, in Northern Belgium, could be predicted from the prevalence of individual viruses, suggesting independent occurrence of the viruses. A previous survey indicated that 16.8% of the managed honey bee colonies in Luxembourg were lost over the winter of 2010/2011, and 21.8% over the winter of 2011/2012 (Clermont et al., 2014) . In contrast to other surveys, a clear spatial pattern of losses was observed. For the most part, high colony losses were reported from the Northern municipalities of the country in both years surveyed. Since information on the virus status of managed honey bees in Luxembourg is scarce (Siede et al., 2005) , samples from 20 Buckfast colonies that were monitored since 2011, were analysed for their content of selected viruses. The objectives of the present study were to establish an initial baseline of virus levels in selected Luxembourgish honeybee colonies, as well as to check how much virus infections, related to local varroa counts, contribute to the explanation of the regionally different colony loss rates observed in the experimental apiaries used in the present study.
MATERIAL AND METHODS

Sampling locations
Five apiaries with 4 colonies each were set up in the spring of 2011 (Fig. 1a ). Bees were obtained from a local breeder, and thus reflected the regional disease load. The apiaries were located at Linger (05°52'29.5"E 49°34'23.2"N, 298 m above mean sea level (AMSL)), Rolling (06°18'42.1"E 49°33'05.8"N, 206 m AMSL), Lorentzweiler (06°11'19.5"E 49°42'35.9"N, 419 m AMSL), Reichlange (05°55'51.9"E 49°46'25.4"N, 298 m AMSL), and Heinerscheid (06°07'09.2"E 50°06'22.3"N, 365 m AMSL). Whenever a colony died, it was replaced with a new colony having a Buckfast queen. The new colony received a new number. For instance, colony number 5 in Heinerscheid was the replacement for colony number 1 that died in the first winter.
Standardised aspects of the management of the experimental bee colonies In the spring of 2011, colonies with young Buckfast queens were selected for the monitoring. The strength of all colonies was standardised to 8 frames covered with bees just before winter oilseed rape anthesis (the average start date of winter oilseed rape flowering between 2007 and 2013 was the 23 rd of April). Dadant hives were used throughout. Following a discussion with representatives of the local beekeeper's association, a combination of varroa treatments was laid down that represented the local standard at that time. All colonies were treated with Thymovar  (3 platelets per hive) over a period of 4 weeks between the 15 th of July and the 15 th of August, following the last honey extraction. After 2 weeks, the first batch of Thymovar  was replaced with a new lot that remained in the hive for another 2 weeks. Oxalic acid (18 g dihydrate) diluted in 500 mL of tap water having a temperature of about 20°C + 500 g of sucrose, was dribbled between the frames two weeks after the first frost event which occurred either in November or December. Approximately 5 mL of the solution were dribbled on each seam of bees. At each location, a volunteer beekeeper living close by was provided with a 'bee diary' that was used to write down special observations.
Varroa sampling
The debris that fell out of each colony, including dead varroa mites, was collected by the volunteer beekeepers in the first week of each month using varroa mite screen boards. The size of the boards was 33.5 x 28.5 cm. For samples containing ≤ 150 mites, all mites were counted in the entomology laboratory of the Luxembourg Institute of Science and Technology. For samples containing more than 150 mites, the materials in the sample were mixed. Bee viruses in Luxembourg Then a sub-sample representing 15% of the original mass was taken using a microbalance, and the number of mites was counted in the sub-sample. Subsequently, the number of mites in the total sample was estimated using this equation:
Total number of mites in the sample = (total mass of the sample × number of mites in the sub-sample) / mass of the sub-sample Sometimes, the periods of varroa sampling and bee sampling for virus analyses were not identical. The respective data sets were excluded from analysis when studying correlations between virus contents and varroa mites. Data sets, where appropriate varroa samples were missing, are marked with an asterisk in Table 1 .
Estimating the date of colony death One waterproof temperature logger (model HOBO UA-002-64, onset) was mounted into each hive as close to the centre of the bee colony as possible. Two loggers were mounted to trees or bushes in the shadow, at a distance of less than 5 m from the apiary. Time courses of internal and external temperature were plotted for each colony. Except for a short period with external temperatures as low as -20°C, temperatures of about 14°C were logged in the hives of surviving colonies over winter (Fig. 2) . We therefore assumed, that a colony died the day when the temperature in the colony fell below 14°C and afterwards did not exceed external temperatures any more. Death or survival of each colony was confirmed by visual inspections in spring.
Bee sampling and quantification of the virus load Sampling for virus quantification was carried out in July and August, a time of year when peak loads have been previously reported for several viruses (Runckel et al., 2011) . Approximately 100 living bees from each of the 4 hives of each of the 5 experimental apiaries were shaken from a frame located at the side of the hive, through a funnel, into perforated plastic bags to allow respiration. Sampling dates are given in Table 1 . Bees were transported alive at 8-14°C in a cooling box. It took less than 90 minutes to transport the bees to the laboratory. The sampled bees were checked in the laboratory for viability, A total of 25 frozen adult workers free of varroa mites were pooled for each location and sampling period, and ground manually. Total RNA was extracted by using Qiagen Plant RNeasy kits, including DNase treatment, according to the manufacturer's recommendations. Two aliquots of RNA were quantified using a Nanodrop ND1000 spectrophotometer (Thermo Scientific), measuring the absorbance at 230 nm, 260 nm and 280 nm. Quality was assessed using the RNA Nano 6000 assay on the Bioanalyzer 2100 (Agilent Technologies) RNA chip comparing profiles to previously defined standards (Winnebeck et al., 2010) . RNA was then stored at -80°C until use in rt-PCR. Reverse transcription was carried out according to the manufacturer's recommendations (Invitrogen, USA) using random hexamers and Superscript II enzyme on 2.5 micrograms of total RNA in 50 microliters. The following reaction conditions were used: 10 min at 25°C, 50 min at 42°C for cDNA synthesis plus 15 min at 70°C for reverse transcription inactivation. Complementary DNA (final concentration 50 ng/microliter) was conserved at -80°C. An aliquot was used for performing qPCR assays which was kept at 2°C during the processing days. Quantitative real-time PCR (qPCR) reactions were carried out using Mesa Green Low Rox Real-time PCR kits (Eurogenetec) on 30 ng of total cDNA in the via7 (Applied Biosystem) PCR machine in fast mode. The following program was used: 2 min at 95°C followed by 40 cycles with 10 s at 95°C for denaturation and 30 s at 60°C for primer annealing, extension, and data collection. The amplification reaction was followed by a melting curve analysis to determine the specificity of the amplification products by incubating them for 60 s at 95°C and 60 s at 55°C and then reading the fluorescence at 0.5°C increments from 55°C to 95°C. Primer specificity was verified by the presence of a single peak at the expected size (Dwight et al., 2011) in the melting curve. A test on cDNA degradation was carried out comparing amplification efficiencies at the beginning and at the end of the experiment by amplifying bee actin. Apis mellifera actin was selected as the gene to normalise the samples (Scharlaken et al., 2008) . All primers used are listed in Table 2 . The viruses tested were ABPV, SBV, VDV-1, BQCV, DWV, VdMLV, SBPV, CBPV, KBV, and IAPV. Linearity of the assay was monitored on 3 replicates, and PCR efficiencies were calculated for each experiment.
Three negative controls and a no-RT control were introduced in each reaction series to monitor nonspecific amplification due to contamination or DNA carryover. Standard curves were generated by amplifying cloned viral fragments (material kindly provided by Joachim R. de Miranda) through PCR followed by purification and quantification using both fluorometric and spectrophotometric quantification. Dilutions of 1:10, ranging from 5 ng of target material to 5 to 10 -9 ng were selected, depending on the PCR efficiency (above 85%) and PCR assay. For each primer pair, PCR efficiency was calculated on standard curves using the formula based on regression slopes where efficiency (E) of the different assays was: E assay = 10 -1/slope . For quantitative calculation, a normalisation coefficient was calculated for each cDNA based on A. mellifera actin Cq amplification data. All other Cq values obtained from other primers were normalised to account for differences in extraction efficacy between samples. Mass quantification of the viral material per sample was calculated by resolving the regression equation derived from each primer amplification reaction.
Data analysis and presentation
The number of viral genome copies per bee was calculated using the reference Genebank sequence of each respective virus, and calculating the molecular weight of the amplified fragment uploading sequences to an online calculator toolSequence Manipulation Suite. The number of copies per bee was obtained by multiplying the value by the Avogadro number (Pasquali et al., 2006) and dividing the amount by 25 (the number of bees sampled). Virus contents expressed as the number of viral genome copies per bee as well as the varroa counts, were characterised by many small values and few large values. Log-transformation was necessary to obtain approximate Gaussian distributions and to stabilise variances. A small non-zero constant (minimum value observed for the respective virus divided by 2) was added to all values prior to logtransformation to avoid the loss of the values with virus contents of 0, respectively below the detection limit, as was recommended by de Miranda et al. (2013) . Effects of location, year, and sampling month on log-transformed virus contents were tested using the general linear model option of the statistical software package IBM SPSS version 19. Multiple comparisons of the virus content between locations or sampling times were carried out according to Tukey (IBM SPSS). Correlations between the logtransformed virus contents and the log-transformed Table 3 .
(A) Locations of apiaries (name of village), sampling periods (month/year), average log-transformed virus contents (viral genome copy numbers per bee) ± standard deviation. Virus contents were log transformed to obtain approximate Gaussian distributions and to stabilise variances. The lowest value observed above the detection limit divided by two was added to each value prior to log-transformation to avoid losing values below the detection limit Bee viruses in Luxembourg varroa counts were tested for significance (p<0.05). Differences between the number of varroa mites found below colonies that survived the following winter and colonies that did not survive were studied using the non-parametric Mann-Whitney U-tests for each sampling period. Principal components (PCs) based on correlation matrices were extracted from the log-transformed bee virus contents. The first two PCs explaining most of the variance within the virus data were plotted against each other to check if colonies that survived and colonies that died in the following winter could be distinguished based on their virus patterns in summer.
RESULTS
Survival of colonies
Temperatures in the hives of the surviving colonies increased between the end of February and the beginning of March, while temperatures in dead colonies remained at the level of the temperature outside of the hive (Fig. 2) . In the Northern Heinerscheid location, all the colonies were lost in both years (Fig. 1b) . At the Linger and Reichlange (East) locations, no colonies were lost (Fig. 1b) . At Lorentzweiler, in the centre of the country, one out of four colonies was lost over the 2011/12 winter, while all the colonies were lost in the following winter (Fig. 1b) . At Rolling (South) no losses were observed in the first winter, while 3 out of 4 colonies were lost over the 2012/2013 winter (Fig. 1b) . The total loss rates experienced in the experimental apiaries were 25% and 55% over the 2011/12 and 2012/13 winters, respectively. Five colonies were lost in October, four were lost in November and January, respectively, two colonies were lost in March and one colony was lost in December (Fig. 1b , Tab. 1).
Virus levels -General CBPV, IAPV, and SBPV could not be detected as no amplification was obtained from any sample for these viruses. Kashmir bee virus levels were below the linear detection limit as well, but for two samples traces of the band being specific for KBV were amplified after 35 cycles (below linear dilution curve). These findings suggest the presence of traces of the virus. Averages ± standard deviations of log-transformed virus contents are shown in Table 3 for each location and sampling period. For the results of individual colonies, please see Table 1 . At all locations, ABPV and BQCV were found at a median level of 1. 
Spatial differences of virus load
Virus levels were not significantly different (p>0.123) among locations except for DWV, VDV-1, and VdMLV. There were significantly higher DWV levels at Heinerscheid compared to all the other locations (Tab. 3). There were significantly lower VdMLV levels at Linger compared to Reichlange and Heinerscheid and significantly higher at Heinerscheid compared to Linger and Lorentzweiler (Tab. 3). There were significantly lower VDV-1 levels at Rolling compared with Reichlange and Heinerscheid, and significantly higher at Heinerscheid compared with Rolling and Linger (Tab. 3).
Varroa counts
Over the winter of 2011/12, five colonies died, while 15 survived. Significantly more varroa mites were found between August and October in colonies that died in the following winter compared to colonies that survived (Fig. 3A) . Over the winter of 2012/13, eleven colonies died and 9 colonies survived. Only those beekeepers in charge of the colonies that died collected varroa mites in the winter of 2012/13. Hence, Fig. 3B shows the difference in the number of fallen varroa mites between colonies that died early and colonies that died late. Significantly more varroa mites were found below colonies that died in the same year between July and August compared to colonies that died in the spring of the following year. However, the data shown in Fig. 3 were pooled from Bee viruses in Luxembourg all locations. Since colony losses differed strongly among locations, we felt that a comparison of varroa levels of survivors and colonies that died from the same location should also be done, to rule out a potential bias caused by the different locations. The apiary at Lorentzweiler was most suitable for this purpose, because both, colonies that died as well as colonies that survived, were observed at this location. Furthermore, a complete set of the varroa samples was available. At this location, one out of four colonies died over the winter of 2011/2012. More than 4000 varroa mites were collected per week on the varroa board below this colony in September 2011. Whereas the maximum number of mites found per week on varroa boards below the surviving colonies was about 2500, recorded in August (Fig. 4) . The three surviving colonies from 2011 died during the winter of 2012/2013. The time-course of varroa mites found below the colonies closely resembled the time-course of the dead colony of the previous year, except that the peak of about 4000 mites per week was observed approximately one month earlier in 2012 compared to 2011 (Fig. 4) .
Virus loads and survival
The virus levels detected in colonies that survived the winter after sampling and those that did not survive were not significantly different, except for SBV. On average, SBV levels were slightly higher in colonies that survived. The principal components extracted from the bee virus contents clearly overlapped each other (Fig. 5 ). This finding means that surviving colonies could not be separated from colonies that died based on their virus combinations and virus contents in summer. However, at the Heinerscheid location, where all colonies were lost in both years, the highest virus levels within the present study were observed for ABPV, BQCV, and VdMLV in individual colonies (Tab. 1).
Virus loads and varroa mites
Virus content data as well as varroa count data were approximately log-normally distributed. Hence, data of both variables were log-transformed prior to further processing. Log-transformed virus contents and varroa counts from the same sampling periods were either positively correlated (VDV-1: p<0.001, DWV: p = 0.001) or statistically independent (all other viruses, Fig. 6 ). The contents of DWV were, on average, higher in colonies that died compared to colonies that survived (Fig. 6 ), but the difference was non-significant.
DISCUSSION
We have determined bee virus levels in Luxembourgish apiaries for the first time and found a high prevalence of a rather homogenous set of viruses, in all the apiaries sampled.
Regional aspects
Although the loss rates were higher in the experimental colonies of the present report, the general pattern of elevated losses in the North and lower losses in the South was consistent with a recent nation-wide survey (Fig. 1, Clermont et al., 2014) . Even though the highest virus levels within the present study for ABPV, BQCV, DWV, and VdMLV were observed at the northern Heinerscheid location, where all colonies were lost in both years surveyed, no significant differences towards other locations could be demonstrated as far as these viruses were concerned. Interestingly, high SBV levels were, on average, found in the apiary at Linger, where no colonies were lost in the observation period. The VdMLV was found in 34 out of 56 samples distributed over all locations with variable prevalence and no obvious relation to colony survival. There were low levels of VDV-1 at Rolling and Linger, moderate at Lorentzweiler and Reichlange, and high at Heinerscheid, and reflected the varroa levels found at the locations (Tab. 3). Tentcheva et al. (2004) found DWV, SBV, ABPV, BQCV, KBV, and CBPV in neighbouring France, in honeybees sampled in 2002. In Germany, ABPV, DWV, and SBV were found at frequencies > 4.4% between the years 2004 and 2007, whereas KBV was rarely found. In contrast to Denmark (Francis and Kryger, 2012) and Poland (Pohorecka et al., 2011) , IAPV was not found at all . Ravoet et al. (2013) recently confirmed the presence of Aphid Lethal Paralysis Virus (ALPV) and VdMLV in Belgium. De Smet et al. (2012) reported ABPV, BQCV, CBPV, DWV, and SBV from bees sampled in 2011, in Northern Belgium, while SBPV was not found. De Graaf et al. (2008) found VDV-1 in Belgium. In Luxembourg, KBV was previously found (Siede et al., 2005) , and traces of it were found sporadically in 2 colonies from 2 locations, suggesting that this virus rarely occurs. Our results confirm the presence of DWV, SBV, BQCV, VDV-1, and ABPV in the Benelux region. The rare occurrence of KBV and no evidence for the presence of IAPV as was previously reported from Germany, were also confirmed for Luxembourg. In contrast to France (Tentcheva et al., 2004) and Belgium (De Smet et al., 2012) , CBPV was not found in Luxembourg, so far. In our samples, SBPV could
Bee viruses in Luxembourg not be detected nor could SBPV be detected in the Belgian study by De Smet et al. (2012) . Thus, SBPV may, at present, be absent in the Benelux region.
Evidence for virus-varroa interactions
Previous studies found associations between varroa mites and ABPV, KBV, BQCV, DWV, VDV-1, and VdMLV (de Miranda et al., 2013) . Our data confirm a close association of varroa mites with VDV-1 and DWV levels (Fig. 6) . Also, positive, though not significant trends were observed between varroa levels, ABPV and BQCV (Fig. 6 ). For SBV, where the association with varroa mites is, at present, uncertain (de Miranda et al., 2013) , our data support the hypothesis of no relationship or even a negative relationship (Fig. 6 ). SBV has no major consequences for colony survival in A. mellifera (Blanchard et al., 2014) . Since both, SBV and varroa mites need bee larvae for propagation, it might be speculated that this competition may (1) prevent high SBV and high varroa levels in the same colonies at the same time, and (2) result in slightly higher SBV levels in surviving colonies compared to lost colonies, as was observed in the present study. In contrast to previous reports, we did not find an association between varroa levels and VdMLV (Fig. 6 ). Since VdMLV was not found in all apiaries, the number of replicates was lower than for the other viruses, and thus, the absence of a correlation between VdMLV and varroa levels should be interpreted with caution.
Virus and varroa levels and colony survival
The fact that survivors and the colonies that died always overlapped in Fig. 6 indicates that virus levels (of the viruses assayed here) from July and August are not sufficient to draw reliable conclusions about the survival of the colonies over the next winter. In contrast, the impact of varroa mites on survival was obvious in both years surveyed ( Fig. 3, 4 ; Tab. 3).
A critical evaluation of the methods used Previous publications indicated that at least about 5000 workers are needed to maintain a temperature above 18°C in broodless bee clusters. This is the temperature which is needed to survive winter in central and northern Europe (Seeley, 1985; Moritz and Southwick, 1992) . In our experiments, colonies did not survive if the temperature in the hives dropped below 14°C. But we cannot rule out that the bee clusters in our experimental hives moved over time. Also, the temperature sensor initially mounted at the centre of the cluster may not have been positioned exactly in the centre of the cluster over the entire period of measurement. Thus a somewhat lower temperature could have been measured from the sensor at the periphery of the bee cluster. According to the standard methods for virus research in Apis mellifera described in the COLOSS bee book (de Miranda et al., 2013) , our experiment falls into the class of active surveillance. Our results, therefore, are not biased by beekeeper interest and knowledge. However, due to the different distances from the diagnostic facility, the samples from the locations differed concerning their transport times.
To avoid virus decomposition, bees were transported while alive, in a cool box. The bees used for virus analyses in the present study were sampled on sunny afternoons, when many foraging bees were flying from a frame located at the periphery of the colony, to avoid sampling the queen. Those frames usually preferentially contain honey and pollen stocks which are taken care of by medium-aged bees. This means that the virus results presented here reflect the virus status of medium-aged bees rather than that of young nursing or older foraging bees. Between the 2 sampling periods of 2012, there was a temporal distance of approximately one month, allowing for the renewal of the bees. We found a higher virus prevalence compared to the large scale screening in neighbouring Germany . Potential technical explanations for this difference include a higher sensitivity of the method used in our study. For instance, Kirsanow et al. (2010) demonstrated that SYBR green detection was 3 to 8 times more sensitive than ethidium bromide detection. Furthermore, we used 25 bees per sample whereas Genersch et al. (2010) used 10 bees, further increasing the chance that we would detect lower virus levels. Based on the present data, we cannot decide whether we found a higher prevalence than Genersch et al.
(2010) because we used a more sensitive technical approach, or, if there was a higher prevalence in Luxembourg compared to Germany. It may be argued that even 25 bees per sample are not sufficient to draw reliable conclusions about virus prevalence in a colony. Even though this argument may be valid for theoretical reasons it applies only to some viruses in the present study. At all the sampling times, SBV and VDV were found in all the colonies, and thus, a higher prevalence cannot be expected for these viruses no matter how large the sample size. In all the colonies, DWV and ABPV were found, even though not at all sampling times at levels above the detection limit. Again, prevalence at the colony level was 100% and increasing the sample size could not have increased the prevalence at the colony level.
Higher virus prevalence at the colony level due to increased sample size was thus, only possible for the other viruses. Since no apiaries free of BQCV, VDV-1, and SBV were found, conclusions concerning loss rates in their absence cannot be drawn. Genersch et al. (2010) found significant differences between colonies that survived and colonies that died as far as the occurrence of ABPV and DWV were concerned. But we did not find a relationship between virus content and survival in these cases. It must be kept in mind, that almost all our colonies contained ABPV and DWV (Tab. 1), which means we examined an almost completely infected sub-population. Sufficient replicates for comparing with presumably virus free colonies were lacking. We cannot rule out that the viruses detected here contributed to losses, but due to their rather homogenous distribution to a similar degree in all apiaries. It is also possible that higher virus levels than found here are needed to detect a clear connection with colony survival. The following viruses: ABPV, KBV, and IAPV are part of a complex of closely related viruses from the family Dicistroviridae. Deformed wing virus and VDV-1 belong to the group of iflaviruses. Due to the high level of similarity within these groups, the risk of confounding within the groups is larger compared to the risk of confounding between different virus groups. If the primers used here would not have been able to distinguish, for instance, between DWV and VDV-1, virus levels should have been approximately the same for both viruses. Hence, an almost perfect correlation between the amounts expressed in ng should have been obtained. This was not the case. The p-value for the relationship between DWV and VDV-1 levels expressed as ng was 0.21, the coefficient of correlation 0.17. So, we have no reason to assume that the primers used for DWV and VDV-1 were unable to distinguish these closely related viruses. For ABPV, we could not test for correlations with KBV or IAPV levels, because the latter 2 viruses were not found at amounts above the quantification level. Given the fact that varroa control treatments in summer were done according to a strict standard scheme between the 15 th of July and the 15 th of August, treatments may have been too late in 2012 (Fig. 4, 5) , contributing potentially to the elevated colony losses in the winter of 2012/2013.
CONCLUSIONS
We were the first to report bee virus levels of BQCV, VDV-1, SBV, VdMLV, DWV, and ABPV from Luxembourg. In contrast to the virus composition, varroa levels differed regionally and were related to colony losses. These findings suggest that varroa levels were more important for explaining the bee colony losses recently reported (Clermont et al., 2014) than the virus composition at the virus levels found in the present study. We could not detect SBPV in any of our samples nor in the Belgian study by De Smet et al. (2012) . Such a lack of detection means that SBPV may be absent in the Benelux region. In surviving colonies, SBV levels were slightly higher compared to lost colonies, and independent of varroa levels. This suggests a neutral or competitive relationship between this virus and varroa mites. In contrast to France and Belgium, CBPV has not yet been found in Luxembourg.
